Still, in spite of an admitted degree of greater safety, the administration of ether is undoubtedly attended by more than one disadvantage, and there is a suspicion, probably well founded, that all the risks attending its use do not end with its administration, but that to the list of inconvenient results must be added not a few pulmonary and other complications which may follow, and which may reasonably be attributed to its action.
Be this as it may, chloroform is possessed of many advantages, not the least of which is its easy administration and its quick action; and it will no doubt continue to be employed by many until at least some substance more satisfactory than any yet brought forward is met with. Certainly I should think that there are but few obstetricians who would be enticed from the use of chloroform by any of the advantages which may be claimed for ether in general surgery. The extreme inflammability of the vapour, and the bulky apparatus required for its satisfactory administration, are in themselves sufficient to prevent its general use in this department. Moreover, all agree that for children chloroform rivals all other anaesthetics in the efficiency and safety of its action. Such being the case, it is probable that these advantages will secure for chloroform a very considerable employment in surgery and obstetrics, and will render its action a study of deep interest to the practical surgeon. On this ground I have ventured to bring before the Society an account of some observations I have been able to make, and which seem to me to involve points of some practical interest in relation to the physiological action of chloro-form. I have no purpose of pleading the cause of one anesthetic over the other. My object is merely to call attention to some features of the action of chloroform which seem to me to have been overlooked in previous investigations.
When we turn to the records of observations on the action of chloroform, we are struck with the amount of attention bestowed on the effect of its administration on the action of the heart and blood pressure, and with the careful records which have been made of this; while, at the same time, the effect on the respiration is indicated in comparatively loose terms, and graphic records are seldom given. It would seem, indeed, that while the potency of chloroform as a respiratory poison was recognised from the first, the difference of its action as compared with ether on the heart and circulation has engrossed the attention of observers. Thus it has come about that less attention has been paid to the respiratory changes brought about by its influence than to the remarkable effects produced on the circulatory system. and it was in the course of the endeavour to determine the exact nature of these changes that my attention was arrested by the behaviour of the respiratory mechanism under the influence of chloroform.
As I could find in the literature of the subject no accurate description of the respiratory phenomena in anaesthesia, I had to proceed to its investigation. I shall have occasion to refer later on to the opinions scattered through the text-books and lectures on the subject, but meantime proceed to describe the mode of observation adopted. Mode A similar description applies to the tracing Fig. 41 which follows. The animal on the conclusion of Fig. 40 Fig. 23 shows the effect 15 seconds after the blood was withdrawn; Fig. 24, 1 By such a method I have resuscitated animals as often as ten times after cessation of respiration, and in these I have little or no indication of the production of the pink froth to which I referred.
Of course, in order to accomplish resuscitation so frequently as eight or ten times it is necessary in the later stages to lose no time between cessation of movement and commencement of the effort, but the mere fact that it can be effected under any conditions so frequently speaks strongly, I think, for the efficacy of the method. In the earlier resuscitations we may safely wait 30 to 60 seconds before beginning the attempt, provided the animal has not been for a long period under the influence of the vapour. The time occupied in the operation is much less when we begin before the heart has ceased to beat, but I have repeatedly waited until all indications of the heart's action had ceased, both as indicated by the apex beat and the pulsation in the carotid. But in such cases it has been an invariable experience that the heart resumed beating a considerable time before breathing commenced. Speaking broadly, as regards the difficulty of resuscitation as indicated by the time required to effect it, I have observed that the time required to restore respiration varies inversely as the concentration of the dose, and directly as the time required to stop respiration. That is to say, the more concentrated the dose the easier was the reanimation, and the longer respiration continued under the action of the vapour the more difficult was the reanimation. This observation corresponds with that made on the same point by the Committee of the Medico-Chirurgical Society.
Thus the greatest difficulty was experienced in reanimating animals which had succumbed under the long action of dilute vapour intermittently administered, and in which respiration ceased with great slowing of the rate, as in Figs. 26-32 . This appears to me to be explained by the fact that chloroform is primarily a respiratory poison, and that, if given in sufficient quantity, it stops the action of the respiratory centre before it affects the heart. Accordingly, the heart may be beating vigorously some time after the respiration has ceased under the concentrated vapour. On the other hand, the prolonged circulation of the vapour in the blood ultimately affects the cardiac action, and, consequently, under dilute chloroform, the heart may stop with or immediately after the respiration, and hence the difficulty of resuscitation.
To show how well the characters of respiratory cessation under concentrated vapour which I have described are retained, even after repeated reanimation, I show tracings of the final stages of four cessations in the same animal, Figs. 5, 6, 7, 8, Plate I.; where it will be seen that it is only in the last one, when the animal had succumbed four times, and been more or less under the vapour for hours, that any slowing is observed, and even then it is not great. So also in Fig. 47 animals peculiarly susceptible to the action of chloroform, which has followed the method I have described, and convinced of the physiological soundness of the principles involved in it, I would venture to suggest that in any case of respiratory cessation under chloroform (with the heart beating after the respiration had ceased), and where the removal of the vapour from the face, the drawing forward of the chin, and compression of the chest have failed to restore breathing, that the method of "perflation" should be tried without delay. It might be done in lieu of a better means by a gum elastic tracheal tube as figured, provided with a conical collar to make it fit tightly into the glottis and prevent it slipping too far in. This could be slipped over the tongue and into the glottis, and the collar pressed down into the rima. The mouth is applied to the tube and several deep inspirations made. The mouth is with* drawn from the tube after each inspiration, in order to let the lungs of the patient fill with pure air by the recoil. When this has been repeated several times, the tube might then be slightly withdrawn so as to separate the collar from the glottis, and the process of perflation commenced by making deep and forcible inspirations. Air will rush into the trachea by the side of the tube, a current will be established, which will tend to carry air into the lung and sweep out the vapour. So long as any distinct odour of chloroform accompanies the air withdrawn the process should be continued, provided the (Fig. 34 c) , which intermediate respiration gradually increases in depth, until, by-and-by, at 160th second, a wavy form of regular breathing is developed (Fig. 35 d) . This continues for a few seconds, but soon begins to diminish in depth, until, at the 207th second, it is scarcely perceptible (Fig. 36 e) . At the 212th second the gasping respiration again appears, passes through a similar period of increase and diminution, is succeeded again by wavy breathing, which again diminishes in volume, disappears for a time, and is succeeded by the gasping respiration, and so on; the cycle is repeated with longer intervals of complete cessation. Ten minutes after the conclusion of this tracing perflation was practised, and normal breathing established.
This curious record I would explain in this way:?The animal being a long time under chloroform, the cardiac force was much reduced. Cardiac cessation occurred with the walls exhausted and distended on the right side. Opening of the jugular relieved the pressure, the heart began to beat, the respiratory centre became excited, a few respirations followed; but the blood, in passing through the lungs, becomes freshly charged with chloroform, and, passing to the centre, again gradually paralyzes it. But as the respirations become fainter, less and less chloroform is being absorbed, so that, by the time they cease, the blood passing to the medulla contains little vapour; and the deoxidized state of the blood excites it to action, which results in the gasping respirations again appearing, only to be followed by a similar absorption of vapour, and consequent diminishing volume. On the other hand, the whole character is entirely altered by free perflation and consequent return of natural conditions.
EXPLANATION OF TRACINGS.
The tracings on Plates I., II., and III. are instances the deaths were almost certainly due to heart disease, and in another to asphyxia; but in the others there was undoubtedly an over-dose as the chief cause of death. There was another point of interest, and that was that whether from loss of blood or from shock due to prolongation of the operation, much less chloroform was required towards the end of a long operation than at the beginning. The most painful part?the insertion of the stitches ?was at the end; yet the patient, though apparently out of the chloroform and quite conscious, very often felt no pain when this was being done. Perhaps Dr Murray might give an explanation of this peculiar phenomenon.
Dr T. A. G. Balfour said he had been of opinion that most of the troubles and deaths that occurred during the administration of chloroform were due to over-dose; that they were, in fact, cases of asphyxia, due to the exclusion of the oxygen of the atmosphere by the air-tubes being full of the vapour of chloroform and the blood being saturated with it, but a statement by Dr Murray led him to doubt this. It was that Dr Murray had found that the greatest danger was when he began to re-administer chloroform to animals to which for some time lie had admitted only fresh air. He should like to have some explanation of this curious circumstance.
Dr Shand related a case in which, on the advice of the late Professor Alison, chloroform was given to prevent the daily recurrence, at a particular hour, of a nervous cry, which was supposed to be the result of a head injury. On the first day 2 ounces failed to produce anaesthesia. On the second, half an ounce succeeded, and in the course of time 15 minims were sufficient. Latterly, 5 minims alone were necessary, and the case was cured. referred to this fact, stating that he had several times had patients capable of answering questions entirely unaware of the fact that the operator's hand was at that moment in the abdomen breaking down adhesions. The danger, then, was that when a fresh dose had to be given to permit of the stitches being put in, the deep inspirations which followed might cause the inhalation of a quantity of vapour fatal to the patient so long under the influence of the anaesthetic, and cause sudden stoppage of the respiratory movements in the way shown in some of the experiments.
